Context: Xerostomia and hyposalivation are associated with diabetes. Research is sparse regarding electrostimulation as a mainstream therapy for salivary gland hypofunction.
INTRODUCTION
Saliva is a precious oral fluid that often is taken for granted. It is critical to the preservation and maintenance of oral health, yet it receives little attention until quantity or quality is diminished. Decreased salivary production or altered salivary composition may result in various clinical conditions affecting oral health, comfort, and quality of life. Clinical assessment of oral dryness is a vital component of care. A person may have clinically identified oral desiccation with or without hyposalivation. 1 Xerostomia and hyposalivation are diverse words that should not be used interchangeably. Xerostomia is defined as a subjective complaint of dry mouth that may result from a decrease in the production of saliva, and hyposalivation is an objective reduction in salivary secretion and is defined as unstimulated whole saliva below 0.12 mL/min and 0.16 mL/min and stimulated whole salivary flow rate below 0.5 mL/min. 2 Xerostomia often develops when the quantity of saliva that bathes the oral mucous membranes is reduced. However, symptoms may occur without a considerable reduction in salivary gland output. 3 Both xerostomia and hyposalivation have been associated with diabetes mellitus (DM). [4] [5] [6] Dryness of the mouth as a facet of uncontrolled DM was first described in 1942. Xerostomia in Type 1 DM could be dependent on glucose control, whereas in Type 2 DM, salivary secretion seems to be predisposed by xerogenic drugs and autonomic neuropathy. 7 A large number of treatment options are available for patients with xerostomia depending on the cause. Palliative treatment includes frequent sipping of water and application of various types of sprays and gels, which appear to be helpful for reducing the morbidity related to this condition; however, many of the current treatment options are merely transient and as such are not considered to be satisfactory treatment options. Novel approaches for treating xerostomia are being investigated, which include acupuncture and transcutaneous electric nerve stimulation (TENS). 2, [8] [9] [10] Electrostimulation of neural and muscular structures is of therapeutic potential in several areas of medicine (pacemakers, phrenic stimulators, etc), and because of the known autonomic control of salivary secretion, a similar approach could potentially be applied to the management of salivary gland hypofunction. Application of electric impulses to one or more of the three components of the salivary reflex arch should, in theory, improve salivary secretion and ultimately lessen the various long-term effects of hyposalivation.
11
Research is sparse regarding electrostimulation as a mainstream therapy for salivary gland hypofunction. As recommended by Hargitai et al, 12 future studies on the TENS unit for salivary stimulation in a cohort of patients with dry mouth was warranted. Thus, the purpose of the present study was to clinically evaluate the effectiveness of TENS in stimulating salivary flow among patients with xerostomia and hyposalivation caused by DM. 
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Diabetic Status
Fasting blood glucose test and glycosylated hemoglobin (HbA 1c ) test results were evaluated by the ion exchange method to categorize patients with DM into controlled and poorly controlled status of DM. The American Diabetes Association recommends that patients with DM attempt to achieve a target HbA 1c value of less than 7%, whereas an HbA 1c value of more than 8% suggests that a change in patient management may be needed to improve glycemic control. 13, 14 Accordingly, in the present study, HbA 1c values of more than 7% were defined as poorly controlled DM, and HbA 1c values of 7% and less were considered controlled DM. All subjects with diabetes were receiving treatment by dietary modifications, oral hypoglycemic agents, insulin, or a combination of these treatments.
Each subject's demographic data and dental and medical history were obtained. Xerostomia was assessed by using four questions modified from Fox et al. 15 Oral mucosa was checked for moistness on the basis of visible saliva in the oral cavity. The questions asked were • Does the amount of saliva in your mouth seem to be too little, too much, or you do not notice it? • Do you have any difficulty swallowing?
• Does your mouth feel dry when eating a meal? • Do you sip liquids to aid in swallowing dry food?
Saliva Collection
Collection of Unstimulated Whole Saliva
All the participants were asked to refrain from eating, drinking, chewing gum, smoking, and oral hygiene procedures such as brushing and mouth rinsing for at least one hour before the appointment. The subjects were made to sit in an upright, comfortable, and relaxed position, with the head inclined forward and minimal body and orofacial movements. Subjects then were asked to swallow their saliva first and to stay motionless so that the saliva could collect passively in the anterior region of the floor of the mouth. With use of the "low forced spitting" method, 16 unstimulated saliva was collected for ten minutes in a graduated measuring cylinder fitted with a funnel. After ten minutes of the whole saliva collection, TENS electrodes were placed.
Collection of Stimulated Whole Saliva by Transcutaneous Electric Nerve Stimulation
Surface electrode pads were placed externally on the skin overlying the parotid glands (anteroposteriorly between the tragus of the ear and the midmasseter region and superoinferiorly between the region of the head of the mandible and above the lower border of the mandible) with the TENS unit in the off position. Tabletop TENS unit (INDOTENS 10, HMS Medical Systems, Chennai, India) was then activated, the pulse rate was fixed at 50 Hz, and the intensity was gradually increased to a maximum tolerable level for each patient. At optimal intensity (the maximum intensity that the subject still perceived to be comfortable), 12 stimulated saliva was collected in continuous mode for 10 minutes into a separate graduated measuring cylinder; after a gap of 1 minute this procedure was repeated in burst mode. The whole saliva collected was allowed to settle down for 10 minutes so that the bubbles would not interfere with the measured volume of the saliva. 17 The amount of unstimulated and TENS-stimulated whole salivary flow was assessed and compared. A log of adverse effects was kept during and after the experiment. All the subjects were recalled after 1 day to evaluate the 24-hour effects of TENS therapy. The level of significance was 0.05, and a paired t test was used for analysis.
RESULTS
The distribution of study participants with respect to sex, duration of diabetes, and their type of diabetes is demonstrated in Table 1 . Thirty men and 10 women participated in the study. Their mean age was 48.15 years. Thirteen patients had controlled diabetes and 27 had uncontrolled diabetes. Of 40 patients with DM, xerostomia was present in 27 (68%) of the patients, hyposalivation was present in 15 (27%), and 13 (24%) had both xerostomia and hyposalivation. Table 2 and Figure 1 show the comparison of whole salivary flow (in milliliters per 10 minutes) among all patients with DM before and after TENS application in continuous and burst modes. The mean ± standard deviation (SD) increase in stimulated saliva after TENS application in continuous mode (1.88 ± 0.36 mL) compared with unstimulated saliva (1.69 ± 0.33 mL) was found to be statistically significant (p < 0.001). The mean ± SD decrease in stimulated saliva in burst mode (1.58 ± 0.38 mL) compared with unstimulated saliva (1.69 ± 0.33 mL) also was found to be statistically significant (p < 0.001).
There were no major side effects with the use of TENS noticed in the study subjects. One subject had slight twitching of the facial musculature during application of TENS, and two subjects experienced a tingling sensation, which was transient and ceased immediately once the TENS unit was turned off. No significant correlation was observed between sex, age, or duration of DM and stimulated whole salivary flow after TENS application. Table 3 shows the correlation of sex with xerostomia and hyposalivation in patients with DM. Among 30 men, xerostomia was present in 21 (70%); among 10 women, 6 (60%) had xerostomia. Hyposalivation was present in 10 male patients with DM (33%) and 5 female patients with DM (50%). This correlation of sex with xerostomia (p = 0.559) and with hyposalivation (p = 0.346) was not found to be statistically significant. Table 4 shows the comparison of whole salivary flow (mL/10 min) among patients with DM having hyposalivation before and after TENS application in continuous and burst modes. The mean ± SD stimulated saliva in continuous mode (1.55 ± 0.31 mL) after TENS application was increased (0.21 mL) compared with unstimulated saliva (1.34 ± 0.23 mL), and this difference was found to be statistically significant (p < 0.014). The mean stimulated saliva in burst mode (1.21 ± 0.31 mL) was decreased compared with unstimulated saliva (1.34 ± 0.23 mL), which was found to be statistically significant (p < 0.001).
The
Among 40 patients with DM, only 6 patients (15%) returned for follow-up after 24 hours of TENS application.
Among them, 2 patients had a remarkable increase in the unstimulated whole salivary flow (1.2 mL to 4.3 mL and 2.0 mL to 6.0 mL), and the 4 others had almost the same unstimulated whole salivary flow as the previous day.
DISCUSSION
Saliva plays a crucial role in maintaining a healthy oral environment. A diminution in saliva output, or hyposalivation, has been linked with changes in oral microflora and various oral pathologies. 4, 18 Several studies were conducted in the past to see the efficiency of electrostimulation in increasing salivary flow, but only a couple of studies have been conducted so far to demonstrate TENS as a means of stimulating salivary production in healthy adult 
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Effectiveness of Electrostimulation on Whole Salivary Flow Among Patients with Type 2 Diabetes Mellitus
subjects. 12 In this study, TENS was used to evaluate its effectiveness as a therapeutic modality in patients with DM having xerostomia and hyposalivation.
Salivary flow rates have often been found to be considerably reduced in patients with DM, although these findings have not always been established. Because the secretion of saliva is controlled by both sympathetic and parasympathetic autonomic nervous systems, it is possible that diabetic neuropathies could have differential effects on salivary secretion with either fluid or protein phases altered, depending on the nervous supply affected (Figure 2) . 19 Adverse hormonal, microvascular, and neuronal changes in poorly controlled diabetes could contribute to salivary gland hypofunction in older individuals. It has also been suggested that focal sensory neuropathies and microvascular changes may play a part in a patient with DM's inability to detect xerostomia, perhaps through a mechanism similar to painless diabetic neuropathy associated with foot ulcers. 20 The present study reported 27 complaints of xerostomia and 15 complaints of hyposalivation among 40 patients with DM ( Figure 3 ). These complaints can be explained by the microvascular and autonomic neuropathic complications of diabetes, both of which may affect salivary secretion. Sreebny et al 6 have pointed out that patients with diabetes, who often complain of oral dryness because of disturbances in glycemic control and poor salivary flow were associated with direct metabolic effects on salivary glands.
In the present study, 15 patients with DM had hyposalivation without a complaint of xerostomia. Chavez et al 20 made a similar observation wherein patients with DM did not report significantly more xerostomic complaints, despite the fact that they experienced significantly lower stimulated parotid flow rates. A diminished stimulated saliva secretion could reflect dysfunction of the neuronal parasympathetic saliva secretion pathway and the simultaneous involvement of the neuronal sympathetic saliva secretion pathway in Type 2 DM. 19 Another explanation for this finding could be that subjects may have found ways to compensate for salivary hypofunction (eg, taking liquids with meals) when diminished Much of the variability in the literature regarding xerostomia can be attributed to different protocols for its measurement. A questionnaire for xerostomia is a good screening tool; however, the results may not correlate well with the salivary flow. 21, 22 Longman et al 22 found that 34% of patients who had hyposalivation did not have symptoms of xerostomia. Similarly, 37% of patients who reported all 3 symptoms of xerostomia did not have hyposalivation. 4 Dodds and Dodds 19 reported that subjective responses to questions about salivary hypofunction indicated that salivation was not altered in well-controlled DM. Conversely, in the present study, among 13 patients with controlled DM, 9 complained of xerostomia and 4 had hyposalivation. However, Chavez et al 5 reported that persons with poorly controlled DM had lower stimulated parotid flow rates than did persons with well-controlled diabetes and nondiabetic control subjects. There were no significant differences in xerostomic complaints on the basis of diabetic or glycemic control status or salivary flow rates. 5 Thus, xerostomia does not equate consistently with hyposalivation.
There was a vast inconsistency in the amount of unstimulated whole saliva produced in our study. Initially some subjects demonstrated no salivary flow. This was not astonishing, as previous literature revealed that 21% to 22% of the healthy population demonstrates no parotid flow even when measured over 5 minutes. 12, 23 No significant (p > 0.05) association was observed between age and the saliva in unstimulated and stimulated conditions (ie, continuous and burst modes). The previous literature has also shown that salivary flow does not diminish with age and that TENS-stimulated salivary flow is not dependent on age.
12,24 Thus, our results are in agreement with this prior observation.
A positive finding in this study was an objective increase in whole salivary flow among 36 patients (8 women and 28 men) after TENS application. The mean increase in stimulated saliva after TENS application in continuous mode compared with unstimulated saliva was found to be statistically significant (p < 0.001). The mean increase in stimulated saliva in continuous mode in xerostomic patients was 0.24 mL and 0.21 mL in patients with hyposalivation. Thus, xerostomic patients had a greater benefit from TENS application than did patients with hyposalivation in the study.
Previous studies have used the TENS unit in normal mode. Thus, an additional parameter was added in the study to compare continuous and burst modes of the TENS unit so that the most beneficial mode could be selected for saliva stimulation. Another important finding in this study was a statistically significant (p < 0.001) decrease in stimulated saliva in burst mode compared with unstimulated saliva. This may provide evidence to avoid burst mode of TENS application in xerostomic patients with DM in the future and that the continuous mode would be a better option for giving prompt relief from xerostomia and hyposalivation.
The mechanism by which the TENS unit works on the parotid gland is still unclear. Previous literature has mentioned that the auriculotemporal nerve that supplies secretomotor drive to the parotid gland may be directly stimulated and that it is also less clear if peripheral stimulation of the gland results in a reflex facilitation of central output from the salivatory nucleus of the medulla. To electrically stimulate sympathetic salivation, higher frequencies and longer pulse duration are required. Alternatively, electric stimulation of parasympathetic nerves of the salivary glands produces copious amounts of watery saliva at lower frequencies. It has been suggested that it is this voluminous, serous saliva of the parotid gland that would be clinically most practical for managing xerostomia. 12, 25 Sex-based differences were noticed in this study. In men, the increase in stimulated saliva after TENS application in continuous mode (1.88 mL) compared with unstimulated saliva (1.69 mL) was found to be statistically significant (p < 0.001). As mentioned in previous studies, men produced more saliva than women did and responded better to TENS, yet these differences probably have no clinical significance. 12, 24 Women were a small number in our study. On the basis of this finding, inclusion of more women in future studies in this area seems to be indispensable.
On its own, TENS is less likely to be effective in cases where there is no baseline salivary flow, such as in long-standing Sjögren syndrome or high-dose radiation therapy where complete destruction of the salivary gland unit has occurred. This is a limitation it would share with the other current treatment modalities. However, TENS appears to have potential in cases where there is residual salivary function. Based on these findings, it is suggestive that TENS may work best or even synergistically with other sialogogues. 12, 26 Whole salivary flow was decreased among four patients with DM after TENS application. The mechanism for this may entail the frequency and intensity settings and whether the brain professed the stimulus as being painful. Classically, the salivary reflex is improved when nociceptive input reaches the brain via the trigeminal sensory nuclei. However, it is known that not all preganglionic parasympathetic fibers are necessarily facilitated; some may be inhibited. 5 This study did not observe which intensity and frequency produced the most saliva. We tried to minimize the adverse effects by keeping the stimulus at a tolerable level.
Of 40 patients with DM, only 6 patients returned for follow-up 24 hours after TENS application. Among them, 2 patients had remarkable increases in the unstimulated whole salivary flow, and the others had almost the same unstimulated whole salivary flow as the previous day. These findings suggest that TENS may stimulate the glands temporarily and may not have a significantly enduring effect after turning off the TENS unit, and that this technique may not work in every individual; however, in those who have dramatic results, relief from dry mouth would be most welcome.
The main benefit of the TENS unit over other nonpharmacologic measures such as chewing gum and citric lozenges is that it may be used while eating. Some chewing gum bases with sugar components need to be avoided by patients with DM and in those with temporomandibular disorders. Thus, xerostomic patients with DM may derive more benefit from TENS application. However, the great difficulty in recalling the subjects for follow-up was a drawback that affected the overall standardization of results.
CONCLUSION
The present study has been one of the few studies to show TENS having a potential for increasing salivary flow in a cohort of patients with dry mouth, such as patients with Sjögren syndrome and radiation-induced xerostomia (patients with residual saliva). To our knowledge, this study is the first of its kind to use TENS as a therapeutic modality in patients with DM with xerostomia and hyposalivation.
Because the initial results are encouraging, further studies are required to evaluate the long-term clinical effectiveness of TENS in Sjögren syndrome and xerostomia secondary to head and neck radiation therapy. Possibly, TENS acts more efficiently as an accelerator of salivary flow rather than an initiator. Therefore, it is likely to be more useful in cases of decreased salivary gland function rather than absolute absence of function. Future aspects of research should be encouraged, including the lasting effects in increasing salivary flow after turning off the TENS unit, the ability of TENS to stimulate parotid salivary flow specifically when there is none at baseline, patient acceptance, subjective measures, and usefulness of TENS alone vs in combination with other sialogogues, which is lacking in the present study. v
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